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Endotoxin is a toxic lipopolysaccharide (LPS) component of Gram-negative bacterial cell walls. Lipopolysaccharide is a strong stimulator of many specific and non-specific organism reactions. Many of the deleterious effects of endotoxin are mediated by cytokines, among which most important are tumor necrosis factor-á (TNF-á), IL-6 and interleukin-1 which is referred to as IL-1á and IL-1â and proinflammatory substances (CALKINS et al. 2002; CANNON et al. 1990; CAVAILLON 1995; DEBOND et al. 1996; CONTI et al. 2004; MACKAY et al. 1991; MACKAY & LESTER 1992; MORRIS et al. 1990 MORRIS et al. , 1992 DANEK 2002; SEETHANATHAN et al. 1990) .
Pathophysiological effects of bacterial endotoxin or lipopolysaccharide are similar and induced endotoxemia with many clinical signs, including haemodynamic and hematologic alterations in adult horses and ponies (BASKETT et al. 1997; BOTTOMS et al. 1981; DANEK 2006 DANEK , 2011 KRUMRYCH et al. 1997; MORRIS et al. 1992; WIOENIEWSKI et al. 1992; TADROS & FRANK 2012) .
The effect of endotoxin action on the male reproductive functions has been partly discovered. Administration of endotoxin displays many alterations (ALLEN et al. 2004; BOSMANN et al. 1996; CAO et al. 2010; COLLODEL et al. 2012; HALES et al. 2000; SOKKAR et al. 2003; WALLGREN et al. 1989 WALLGREN et al. , 1993 WALLGREN 1989) . Many changes in serum plasma concentration of testosterone and quality of the semen were observed in stallions after LPS injection (DANEK 2002 (DANEK , 2003 .
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The reactions to endotoxin in sexually active subjects could be specific. Another study indicated that sexual steroids could be endogenous regulators with relations to cytokine and may modulate their production (CUTOLO et al. 1995; GILLIVER et al. 2006; LI et al. 1993; MORISHITA et al. 1999; POLAN et al. 1988) .
Flunixin meglumine (flunixin, FM) is a nonsteroidal anti-inflammatory drug and prostaglandin cyclooxygenase inhibitor which is used to prevent adverse effects of endotoxin on a number of body systems in horses (BASKETT et al. 1997; BOTTOMS et al. 1981; LEES & HIGGINS 1984; MCALLISTER 1994; MOORE et al. 1986) . Preliminary studies indicated that FM injection modulated the negative effects of endotoxin on testicular function in the boar (WALLGREN et al. 1995) .
In contrast to previous studies (DANEK 2006) , the aim of this study was to determine the effect of a nonsteroidal anti-inflammatory drug -flunixin meglumine treatment on the changes of serum interleukin-1â and serum and seminal plasma testosterone concentration in endotoxemic stallions, especially in relation to the differential time injection of FM after endotoxin administration.
Material and Methods
A total of 12 clinically healthy stallions of Polish Konik (Polish primitive horse) were investigated. The examinations were carried out during the mating season (April-July). The stallions were divided into three groups.: ENDO (4 stallions aged 4-12 years and weighing 260-400 kg), ENDO+FM1 (4 stallions aged 6-12 years and weighing 300-420 kg), and ENDO+FM2 (4 stallions aged 4-13 years and weighing 260-380 kg). The experimental groups were given an endotoxin alone (Group ENDO) and endotoxin followed by an injection of flunixin meglumine (group ENDO+FM1-2).
Lipopolysaccharide from Escherichia coli serotype 055:B5 (Sigma Chemical Co.) was used. This endotoxin was given intravenously after dissolution in 500 ml apyrogenic physiological saline solution (0.9% NaCl). The stallions were infused with a LPS dose of 0.3 ìg/kg b.w. The nonsteroidal anti-inflammatory drug -flunixin meglumine (Finadine vet., ScanVet., Denmark) was administered as a single intravenous injection in the dose of 1.1 mg/kg b.w. Flunixin meglumine (FM) was injected 30 min (Group ENDO+FM1), and 60 min (group ENDO+FM2) after the infusion of endotoxin. The above procedures were carried out before the functioning of the official ethical committee for experiments on animals in Poland and followed strictly the standards of good laboratory practice developed in the National Veterinary Research Institute in Pu³awy.
Clinical examinations comprised observations of animals, measurement of rectal temperature (Tr), and heart rate (HR) performed immediately before the infusion (marked as time 0) and 1 h, 2 h, 3 h, 4 h, 5 h, 6 h, 7 h, 8 h, 24 h, 48 h, and 72 h thereafter. Semen was sampled at 24 h, 48h and 72 h before (mean of all marked as time 0) and in the 24 h, 48 h and 72 h after LPS or LPS+FM administration. After the clinical examinations the whole blood was taken (always at the same time for each stallion) from the jugular vein using a catheter (SecalonÒ Kathy 1, Viggo, Spectramed, Swindon, UK). The blood samples were collected into EDTAvacutainer tubes and tubes for serum. The blood in plain tubes was allowed to clot at room temperature, then kept at 4 o C and serum was collected by centrifugation. The serum samples were stored at -20 o C or at -70 o C for 30 days until assayed. The white blood cell (WBC) counts were determined using a Sysmex F800 analyser (TOA Medical Electronics Co., Japan). The interleukin-1â concentration was determined in stallions with the use of the immunoassay kit for human interleukin-1â, IL-1â-IRMA (DANEK 2002) .
Ejaculate was collected with an artificial vagina (Missouri type AV, Nasco, Fort Atkinson, USA). Semen was sampled at 24 h, 48 h and 72 h before (mean of all marked as time 0) and in 24 h, 48 h and 72 h after LPS or LPS+FM administration. The seminal plasma samples were obtained through centrifugation of gel-free semen volume at 1500 g for 15 min and stored at -20 o C for 30 days until assayed. The level of testosterone (T) in blood serum and seminal plasma was measured with the use of the RIA kit (DANEK 2006) .
The data were analyzed statistically using the Statistica Stat Soft PL program with ANOVA variance analysis. The mean values were compared using the Tukey test. The differences were statistically significant at P<0.05.
Results
In stallions receiving endotoxin (ENDO), a significant increase in rectal temperature was ob-served within 2 to 7 h after administration of LPS. The maximum increase in T r was noted at 4 h to 39.1 o C, ) % -5.5%. In the group of stallions with endotoxin and FM (ENDO+FM1, ENDO+FM2), rectal temperature increased between the 4 and 5h, respectively. The maximum increase in T r was noted also at 4h to 37.6 o C, ) % -1.8% and to 37.8 o C, ) % -2.4%, respectively (Fig. 1) .
The heart rate of the experimental stallions was markedly increased. A significant increase was noted in the group of ENDO stallions at 2-3 h, in the group ENDO+FM1 and ENDO+FM2 at 2 h, with the maximum increase at 2 h, to 62.7 beats/min, ) % -65.0% beats/min, to 70.0 beats/min, ) % -72.8% beats/min and to 57.0 beats/min, ) % -48.0% beats/min, respectively (Fig. 2) . Fig. 1 . Rectal temperature in the stallions (mean ± SD). ENDO -group stallions with endotoxin (0.3 ìg/kg b.w., IV), ENDO+FM-1 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 30 min after the infusion of endotoxin), ENDO+FM-2 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 60 min after the infusion of endotoxin), * -significant differences compared to the time 0, a:b:c -significant differences between groups, at P<0.05. Fig. 2 . Heart rate in the stallions (mean ± SD). ENDO -group stallions with endotoxin (0.3 ìg/kg b.w., IV), ENDO+FM-1 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 30 min after the infusion of endotoxin), ENDO+FM-2 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 60 min after the infusion of endotoxin), * -significant differences compared to the time 0, a:b -significant differences between groups, at P<0.05.
Endotoxin-treated stallions had a significantly reduced number of WBC (Fig. 3) . The counts of WBC decreased at 1-4 h in the group ENDO and at 1-7 h in the group ENDO+FM1 and ENDO+FM2. The largest decrease in the WBC was at the 2nd h of the experiment and was characterized by a decrease in the number of the WBC to 2.1 x 10 9 /l, ) % -73.3% (Group ENDO), to 2.0 x 10 9 /l, ) % -71.8% (ENDO+FM1) and to 1.9 x 10 9 /l, ) % -72.5% (ENDO+FM2). In the groups of stallions the number of WBC increased again at 48-72h.
The results (Fig. 4) show also that stallions from endotoxin and endotoxin+flunixin meglumine Fig. 3 . White blood cell numbers in whole blood of stallions (mean ± SD). ENDO -group stallions with endotoxin (0.3 ìg/kg b.w., IV), ENDO+FM-1 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 30 min after the infusion of endotoxin), ENDO+FM-2 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 60 min after the infusion of endotoxin), * -significant differences compared to the time 0, a:b:c -significant differences between groups, at P<0.05. Fig. 4 . Changes of serum interleukin-1â level in the stallions (mean ± SD). ENDO -group stallions with endotoxin (0.3 ìg/kg b.w., IV), ENDO+FM-1 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 30 min after the infusion of endotoxin), ENDO+FM-2 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 60 min after the infusion of endotoxin), * -significant differences compared to the time 0, a:b:c -significant differences between groups, at P<0.05.
groups demonstrated a statistically significant increase in serum IL-1â concentration after endotoxin administration at 3-6 h and at 3-5 h, respectively. The maximum increase of IL-1â level took place in hour 3 to 56.7 pg/ml () % -127.7) in the group ENDO, 32.6 pg/ml () % -63.9) in the group ENDO+FM1 and to 33.2 pg/ml () % -47.1) in the group ENDO+FM2.
After endotoxin administration, there was a statistically significant decrease in testosterone T between 3-24 h, after which there was an increase between 48-72 h (Fig. 5) . At 6h, there was a maximum decrease in the T concentration to 0.15 ng/ml, ) % -89.1%. In stallions ENDO+FM1 and ENDO+FM2, there was a statistically significant decrease in the T concentration between 2-24h and between 2-8h, Fig. 5 . Concentration of testosterone in blood serum of the stallions (mean ± SD). ENDO -group stallions with endotoxin (0.3 ìg/kg b.w., IV), ENDO+FM-1 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 30 min after the infusion of endotoxin), ENDO+FM-2 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 60 min after the infusion of endotoxin), * -significant differences compared to the time 0, a:bsignificant differences between groups, at P<0.05. Fig. 6 . Concentration of testosterone in seminal plasma of the stallions (mean ± SD). ENDO -group stallions with endotoxin (0.3 ìg/kg b.w., IV), ENDO+FM-1 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 30 min after the infusion of endotoxin), ENDO+FM-2 -group stallions with endotoxin+flunixin (1.1 mg/kg b.w., IV, 60 min after the infusion of endotoxin), * -significant differences compared to the time 0, a:a -no significant differences between groups, at P<0.05.
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respectively. After which, there was a non-significant increase in the testosterone concentration between 48-72h after endotoxin+flunixin meglumine administration. At 6h there was a decrease in the T concentration to 0.12 ng/ml, ) % -88.0% (group ENDO+FM1) and to 0.10 ng/ml, ) % -92.0% (group ENDO+FM2).
Worthy of attention is the fact that only the ENDO group exhibited a statistically significant decrease in the T concentration in seminal plasma to 0.06 ng/ml () % -72.7%) at 24h after administration of LPS E. coli (Fig. 6 ).
Discussion
Fever, tachycardia and leucopenia are common in adult horses and ponies during experimental endotoxemia (BASKETT et al. 1997; BOTTOMS et al. 1981; MORRIS et al. 1992; WIOENIEWSKI et al. 1992) . All LPS-treated stallions developed signs and hematologic changes consistent with endotoxemia. Previous studies also demonstrated that in stallions (DANEK 2002 (DANEK , 2006 ) the maximum increase in Tr and HR also occurred at 4 hours and 2 hours after administration of 0.3 :gLPS/kg b.w., respectively. In response to endotoxin the stallions reacted with leucopenia and maximum decrease of WBC number in peripheral blood at 2 hours after administration of endotoxin. This has been found in other studies (BASKETT et al. 1997; KRUMRYCH et al. 1997; MORRIS et al. 1992) . In stallions the maximum decrease in WBC was also at 2 hours after administration of 0.3 :gLPS/kg b.w. (DANEK 2002 (DANEK , 2006 .
In horses, LPS induced proinflammatory cytokine production, including TNFá, interleukin-6, interleukin-1â (BASKETT et al. 1997; DANEK 2002; MACKAY et al. 1991; MACKAY & LESTER 1992; VEENMAN 2002) . The results of this study confirm induced increase in serum interleukin-1â level in all groups after administration of endotoxin to stallions. The maximum increase in the concentration of IL-1â took place in hour 3 after infusion of LPS Escherichia coli. These results are consistent with those of a previous study in stallions which documented that administration of LPS (0.3 ìg/kg b.w.) to stallions results in significant changes in IL-1â concentration (DANEK 2002) . The equine endotoxemic shock model also indicated that IL-á+â in the blood samples increased differently at 30 to 270 min (maximum at 240 min) after a slow infusion of LPS (2 ìg/kg b.w.) to male Shetland ponies under general anesthesia (VEENMAN et al. 2002) . However, in vitro tests demonstrate that lipopolysaccharide caused a significant increase in IL-1 production, as measured by 3 H -thymidine incorporation at 3.0 and 20.0 hours of incubation (SEETHANATHAN et al. 1990) . Studies in humans (CANNON et al. 1990 ) also demonstrated that in septic patients the levels of IL-1â were higher and in subjects after Escherichia coli endotoxin infusion the concentration of interleukin increased from a baseline to a maximum at 180 min. In dogs (MYIAMOTO et al. 1996) with experimentally induced endotoxic shock (after injection of 500 ìg/kg b.w. of LPS Escherichia coli) it was found that IL-1-like increased between 30 and 60 min and was hardly detectable from 6-24 h after an LPS injection. Studies in laboratory animals also indicated LPS-induced increases of serum IL-1â (YAZAR et al. 2007 (YAZAR et al. , 2010 and also seminal plasma IL-1â (COLLODEL et al. 2015) . Administration of endotoxin to the stallions caused changes in the levels of blood serum testosterone and resulted in a statistically significant decrease in the T concentration maximum at 6 h and again an increase between 48-72 h. In previous investigations (DANEK 2003 (DANEK , 2006 , similar changes of testosterone concentration were demonstrated in blood serum after infusion of 0.3 :g/kg b.w. LPS Escherichia coli in the stallions. It should be added that studies with hCG (group ENDO+hCG) indicated that the inhibition of steroidogenesis (decrease of serum T concentration) by endotoxin observed at 5-24 h and the subsequent peak (at 48 h) of the serum testosterone was significantly higher than in the group of stallions receiving only LPS (DANEK 2011).
In comparison, in rams a decrease of serum T concentration occurs for about 12-24 hour, while in boars an increase in the level of this hormone takes place especially in the 1-2 hour after endotoxin S. typhimurium administration with a later tendency for a decrease in its concentration WALLGREN 1989) . Serum testosterone decreased 90% 2 hours after endotoxin injection in mice and this decrease was sustained for 9 days (BOSSMAN et al. 1996) . Inflammation-induced oxidative stress as the acute effects of LPS impairs Leydig cell mitochondrial steroidogenesis (ALLEN et al. 2004) .
The infusion of endotoxin Escherichia coli also has a negative influence on the semen hormonal status of the stallions. In the presented study, in stallions from the group ENDO, a statistically significant decrease in the testosterone concentration occurred in the seminal plasma. The previous work (DANEK 2003) also showed that 24 hours after administration of Escherichia coli LPS in the dose of 0.3 ìg/kg b.w. there was a significant decrease of T concentration up to 0.08 ng/ml. These results evidenced that the administration of endotoxin to the stallions causes changes in the levels of seminal plasma testosterone which can result in disturbances of biosynthesis in the testis and accu-mulation impairment of this hormone in the semen.
The use of 1.1 mg/kg b.w. of flunixin meglumine in a single dose 30 min and 60 min after LPS administration in stallions did not cause rectal temperature or heart rate increase as high as in the group receiving only the endotoxin. The injection of FM did not reduce white blood cell counts which were similar to those noted in the group of stallions with LPS alone.
Flunixin meglumine is a non-narcotic analgesic agent with anti-inflammatory and antipyretic activity which is used for the suppression of signs of endotoxemia in horses (BASKETT et al. 1997; LEES & HIGGINS 1984; MOORE et al. 1986; TEMPLETON et al. 1987; TUREK et al. 1985) . Previous studies indicated that FM in the dose of 1.1 mg/kg given 5 min after the injection of Escherichia coli LPS had, as now, a positive influence on the clinical and hemodynamic (outside WBC in whole blood) changes occurring during endotoxemia in stallions (DANEK 2006) .
Nonsteroidal anti-inflammatory drugs (NSAIDs) differentially regulate cytokine production. Some NSAIDs decreased IL-1â protein, but not mRNA for IL-1â, indicating a post-translational effect on the production of IL-1â (D'HELLENCOURT 1996; MASCAGNI et al. 2000; TSUBOI et al. 1995; SHAHRIARI et al. 2011; SULLIVAN et al. 2002) . In the present study it was shown that flunixin (in the dose of 1.1 mg/kg b.w., injected 30 min and 60 min after the infusion of endotoxin) had a positive effect on serum IL-1â concentration in the endotoxemic stallion. Studies in mice also suggest that flunixin meglumine (FM was administered 2.5 mg/kg b.w. dose subcutaneously) significantly inhibited the level of serum interleukin-1â after endotoxin administration (YAZAR et al. 2007 ).
Injection of flunixin had modulated effects on the concentration of serum testosterone after LPS administration in the stallions. This effect of the FM (added 5 min after LPS infusion) was also observed in DANEK 2006. However, the injection of FM (especially in the 30 min after LPS infusion) influenced differently later (at 24-72 hour) changes of serum T level induced by endotoxin administration. The treatment with FM (in the 30 min and 60 min after LPS infusion) had a positive effect on endotoxin-induced changes of testosterone in seminal plasma of the stallions (no decrease at 24 h after LPS administration).
Studies in boar (WALLGREN et al. 1995) indicated that flunixin (as a single dose 10 min prior to an endotoxin injection) reduced the endotoxininduced infiltration of PMN into the testicular interstitium and morphological changes of Leydig cells and caused an initial marked decrease in blood plasma testosterone (during a 2 hour delay to the increase of concentration of T).
In conclusion, it should be stated that Escherichia coli endotoxin administration results in pathological responses of serum interleukin-1â and testosterone levels in the stallions. Injection of flunixin meglumine (1.1 mg/kg.b.w., at 30 min and especially at 60 min) after endotoxin infusion to stallions significantly reduced serum IL-1â levels compared with results in stallions receiving LPS alone. In turn, the treatment of these stallions with the FM (especially at 30 min after LPS infusion) did not affect early changes in serum T level and had a significant effect on the latter changes of serum testosterone concentration after addition of endotoxin. However, a positive influence of flunixin meglumine injection was noticed in seminal plasma T concentration of endotoxemic stallions. It is believed that flunixin meglumine had (injection time-dependent and blood time-disposition of FM administered IV, at a dosage of 1.1 mg/kg) a positive effect, through anti-inflammatory activity (also in the stallion reproductive system), on endotoxin-induced disturbances of testosterone biosynthesis and concentration of this hormone in the serum and seminal plasma. These changes should be taken into consideration in the evaluation of Enterobacteriaceae (Escherichia coli) toxemia states and effects of nonsteroidal antiinflammatory drug (flunixin meglumine) treatment in males during the reproductive season.
